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♦NOTICES* 

Japan Patent Office is not responsible for any 

damages caused by the use of this translation. ♦ • 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of a 
porous metal. It is the manufacture method of the porous metal which pointed to applicable fields, such 
as lightweight-izing of the functional material which used the big surface of a porous metallic material 
proper in detail, and the metallic material by immanency of much pores. They are a catalyst material, the 
charge of an earthquake-proof material, the charge of impact shock absorbing material, an 
electromagnetic shielding material, a **** material, a bearing material, a thermolysis material, a 
hydrogen storing metal alloy material, an electrode material, the charge of sound insulation, the various 
machine part materials of an automobile and the aircraft, a living body medical material, and the thing 
applied to the base material of composite material etc. in addition to this. 
[0002] 

[Description of the Prior Art] It set to the manufacturing technology of the conventional porous metal, 
the metal-gas system state diagram under isotonic gas 0 **** limited to the metallic material which has 
the eutectic point, and the limit was in the class of the application metallic material. Moreover, 
anythings other than gold and silver can use oxygen gas, in order that a metallic material may cause an 
oxidation phenomenon. Furthermore, when using hydrogen gas, hydrogen gas is the manufacture 
method which has a limit in production of a mass porous metal from the danger that it can set in the 
effect and the manufacture process which are exerted on the metallic material of **** etc. (JP,10- 
088254,A). 

[0003] the eel which calcinated foaming resin and was produced after performing nickel plating to the 
porous metallic material (JP,08-142103,A) and foaming resin which were made by the powder 
metallurgy sintering process about other porous metallic materials — ARUPORASU using the foaming 
method by the helmet (JP,04-002759,A) and hydrogen gas etc. is manufactured, and it is used for the 
member of an audio equipment, the building materials for dew condensation prevention, etc. However, 
these manufacturing processes are complicated, and since only becoming cost high, neither the 
directional control of pore nor control of size being easy, and a specific metal can be made porous and it 
has many defects, like that an application metal is limited and neither mechanical processing nor 
molding is still easier, as for the present condition, there is much constraint on use. 
[0004] 

[The technical problem which invention makes solution ******] This invention **** that the 
application metallic material which can carry out [ porous ]-izing attains to many classes, and danger of 
hydrogen gas, and the method of that the production method of a mass porous metal is possible and 
continuation production in a list is possible for it. And it aims at that the direction of pore, control of 
size, and control of porosity are still more possible, and offering mechanical and the manufacture 
method by the new technique of having possessed the features, such as that the physical property is 
excellent and mechanical processing and a thing [ shaping ], having fully solved the trouble of the 
conventional technology, and having enabled outstanding production of the material of a porous metal. 
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[0005] 

[Means for Solving the Problem] As a means to solve the above-mentioned technical problem, as shown 
in (a) of drawing 2 , this invention Solubility of gas within the liquid phase of a metallic material is 
large, and whenever [ dissolution / of gas within solid phase in a metallic material ] controls a pressure 
and melting temperature of this gas. for said small metallic material Fuse under predetermined gas 0 
♦***, control coagulation temperature and a coagulation pressure, solidify at temperature the bottom of 
predetermined gas 0 ♦***, and a daily dose of solution gas of supersaturation is deposited in solid phase. 
Pore is formed and a means to produce a porous metal which has further structure predetermined with 
mold which can perform control of the cooling direction is provided. Therefore, as shown in (b) of 
drawing 2 , it is possible to make it porous in various structures by choosing and solidifying various 
conditions of a range that many above-mentioned parameters are controlled and this metallic material 
that attains to many classes is expressed to CI and C2. 

[0006] Furthepnore, although hydrogen gas with large solubility is used for gas which dissolves in said 
metallic material By using mixed gas of nitrogen gas or nitrogen, and inert gas as other methods 
Enlargement is made possible at an functional enhancement list of a manufacturing installation 
accompanying production of a mass porous metal, or a continuation production method, laying 
temperature and a pressure are safely controlled in a production process of melting of this metallic 
material, cooling, and coagulation, and a means to change a ******-gestalt of pore easily and precisely 
is provided. 

[0007] Although inert gas used for pressure accommodation of cooling and coagulation at an inert gas 
list used for said mixed gas is an argon, helium, etc., since thermal conductivity of gaseous helium is 
better than argon gas, it is effective in porous-izing of an iron system metallic material. 
[0008] Control of a pressure which dissolves said gas is explained hereafter. An amount of this gas that 
a partial pressure of a pressure of this gas or this gas in mixed gas dissolves into molten metal is 
determined under laying temperature, a pressure of this gas is controlled, if it increases, solubility of gas 
in a dissolution metal can be enlarged and this gas will reach saturated concentration under the 
predetermined dissolution pressure. In order to obtain a predetermined pressure, this gas of a partial 
pressure set up beforehand is supplied and adjusted. After reaching a predetermined pressure, this 
molten metal is slushed into mold which has a control means of coagulation temperature and a 
coagulation pressure. 

[0009] Control of said coagulation pressure is explained hereafter. Said molten metal is cooled, a 
coagulation pressure at the time of coagulation is controlled, and capacity equal to a difference of 
whenever [ amount / of said solution gas / and dissolution / of this gas in a solid-state ] changes to gas 
air bubbles in front of a coagulation front under a predetermined dissolution pressure (generation). 
These gas air bubbles are generated in solid phase and coincidence, always exist in a coagulation front, 
and form the cellular structure in a metal at the time of coagulation. 

[0010] Since superfluous volume which is the amount of said gas by which said molten metal deposited 
at the time of coagulation is determined by said melting temperature and said dissolution pressure, the 
amount of pore generation in said porous metal can be described as the so-called function of a process 
parameter of melting temperature, coagulation temperature, a dissolution pressure, and a coagulation 
pressure, and these parameters can be controlled easily and correctly in a process of a process. Pressure 
control of whether it is made whether this coagulation pressure is made equivalent to a dissolution 
pressure at the time of melting or to increase or it is made to decrease can determine structure of pore, 
size, and an amount, i.e., porosity. 

[001 1] these parameters - in addition, the direction of heat removal from said gas dissolution metal at 
the time of coagulation is one of the important factors which control structure of pore, and as shown in 
drawing 3 , this gas dissolution metal continues coagulation at a right angle to a cooling surface, has 
directivity in growth of pore, and is formed in a porous metal of a predetermined gestalt. As for (a) of 
drawing 3 , a cooling surface of mold cools a base of said gas dissolution metal. On the other hand, 
multicore-like pore of tropism (b) The periphery side is cooled. Radial pore (c) The tabular upper 
surface by continuation generation is cooled, similarly (d) cools the periphery side of the shape of a rod 
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according pore to continuation generation in a discontinuous arc, and a manufacture method of a porous 
metal characterized by forming pore which makes various gestalten, such as discontinuous radial pore, is 
offered. 

[0012] 

[Embodiment of the Invention] After this invention dissolves gas in the dissolved metallic material, it is 
made to solidify, and in the process made to metamorphose into a solid-state, this gas of supersaturation 
manufactures a porous metal using the property to deposit in solid phase. Hereafter, the gestalt and 
example of desirable operation which are shown in a drawing are explained. 

[0013] This invention shown in (a) of drawing 1 attaches the heat chamber 1 which has the induction- 
heating coil 7, the crucible 4, and the stopper rod 8 of a heating means, and the coagulation room 2 
which has the cooling section 6 and mold 5 of a cooling means in the lower part, and shows the 
desirable operation gestalt of the structure assembled by the vertical type. The whole structure fuses 
metallic material 3 -a which is a base material at a predetermined temperature, gas 3-b is dissolved under 
a predetermined pressure, a dissolution pressure is maintained, and in order to make it cool and solidify 
under further predetermined coagulation temperature and a coagulation pressure, a heat chamber 1 and 
the coagulation room 2 keep internal confidentiality respectively. 

[0014] When metallic material 3-a carried in to the crucible 4 fuses with a heater 7, the interior of a heat 
chamber 1 is in a vacua using the gas discharge pipe 10. And when a predetermined gas melting 
temperature is reached, using the insufflation pipe 9, predetermined gas 3-b is poured in, a 
predetermined dissolution pressure and a predetermined temperature are dissolved in metallic material 
3-a to which melting of the gas 3-b was carried out under the condition which carries out fixed time 
amount maintenance, and saturated concentration is reached. As mentioned above, the stopper rod 8 
moves upwards under the condition to which metallic material 3-a and gas 3-b reached saturated 
concentration, and metallic material 3-a which dissolved the introductory funnel 1 1 with aperture and 
gas 3-b is introduced into the mold 5 located in the interior of the downward coagulation room 2. 
[0015] The interior of the coagulation room 2 is maintained at the bottom of a predetermined 
coagulation pressure using the insufflation pipe 12 and the gas discharge pipe 13, and the cooling 
section 6 which is a cooling means cools the base of mold 5 using the circulating-water-flow close pipe 
14 and the circulating- water-flow appearance pipe 15. Therefore, metallic material 3-a and gas 3-b 
which were dissolved form much one direction nature pores, while gas 3-b of the supersaturation which 
began coagulation and was dissolved from the field in contact with the base of mold 5 deposits as air 
bubbles in solid phase and exists in a coagulation front continuously toward the upper part at 
coincidence. Although it is the thing of the gestalt which the above-mentioned mold 5 corresponds to the 
cooling format shown in (a) of drawing 3 , and is shown in (a) of drawin g 4 which forms the multicore- 
like pore of tropism on the other hand the radial pore of the gestalt which equips with the mold of a 
cooling format shown in (b) of drawing 3 depending on the purpose, and is shown in (b) of drawing 4 - 
and further A porous metal with an epidermis layer a porous metal with the laminating of the (f) random 
porous layer of spherical pore drawing 4 of the random gestalt shown in (e) of drawing 4 and a non 
porous layer and porous (metal h) non porous etc. is formed. [ with the laminated structure of a (g) 
multicore-like porous layer and a non porous layer ] If between two or more pores and pores is made to 
approach when the coagulation pressure under one direction coagulation is made to increase gradually, 
and the coagulation pressure under one direction coagulation is decreased gradually conversely If 
between two or more pores and pores can be extended, and can be dispersed, therefore a coagulation 
pressure is continuously decreased with the passage of time It is possible to give inclination (inclination- 
izing) to distribution of pore from the high porous field of number density with small pore size to the 
low porous field of number density with big pore size. The above manufacturing process is shown in 
drawing 7 , and it expresses with a flow chart. 

[0016] This invention shown in (b) of drawing 1 is the method of forming a porous metal continuously, 
i.e., other operation gestalten of continuous casting. Dissolution metal 3-a and gas 3-b in the interior of a 
heat chamber 1 are continuously introduced into the incubation container 19 from the introductory 
funnel 1 1 . A heat chamber 1 is assembled caudad, the desirable location inside the coagulation control 
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room 22 which is lower equipment is equipped with the incubation container 19, and using insufflation 
pipe 16, the inert gas feed pipe 17, and the gas discharge pipe 18, (he interior of the coagulation control 
room 22 performs reduced pressure actuation in a pressurization list, and is held at a predetermined 
coagulation pressure. On the other hand, the incubation container 19 is maintained at predetermined 
coagulation temperature by the heater 20, and the pressure which a predetermined amount is held by the 
pressure operated of inert gas, and extrudes its dissolution metal 3-a and gas 3-b from opening of mold 
21 to the cooling surface of the cooling section 25 in the introductory actuation list of the introductory 
funnel 1 1 is adjusted. The pressure which a **** extrudes changes on the balance of the amount into 
which dissolution metal 3-a and gas 3-b are introduced, and the amount extruded from mold 21. The 
lead spindle 27 which equipped with the cooling section 25 at the tip as a means to control this amount 
to extrude is used, and the lead spindle 27 moves at the rate of predetermined, and controls the amount 
which holds and extrudes the pressure which the above extrudes continuously to a predetermined 
pressure. 

[0017] Being cooled by the cooling surface of the cooling section 25 and beginning coagulation, the 
amount which the above extrudes is led inside the coagulation room 30, it is cooled by the subcooling 
section 26 and the periphery or the side of a configuration formed with mold 21 solidifies it. The interior 
of the coagulation room 30 uses the taking-out opening airtight tools 29 for the inert gas feed pipe 23 
and gas discharge pipe 24 list, and has a coagulation pressure adjusted, 

[0018] (c) of drawing 4 and (d) were formed by the method of above-mentiofted continuous casting, (c) 
shows the cross-section structure of discontinuous arc pore, and (d) shows the cross-section structure of 
discontinuous radiation arc pore. These porous metals by which continuous casting was carried out are 
led by the lead spindle 27 in a roller-conveyor 28 top, and are taken out out of the coagulation room 30 
from the taking-out opening airtight tools 29. t 

[0019] This invention is not limited by the example described above and various modes are possible for 
it in the details of the manufacture method. 

[Example] The example of this invention shown in drawing 5 and drawing 6 below is explained. 
Formation of the amount of training of the pore in a porous metal and the gestalt of pore, i.e., the 
direction, size, porosity, etc. can control freely parameters, such as melting temperature, a solution gas 
pressure, coagulation gas pressure, cooling temperature, a coagulation cooling rate, and a mixed volume 
ratio, a pressure with inert gas, correctly, and can determine them. 

[0020] (a) of drawing 5 dissolves hydrogen gas in the copper fused to about 1 ,250-degreeC under the 
pressure of predetermined hydrogen and the mixed gas of an argon, respectively, is made to solidify 
under the pressure of the mixed gas of predetermined hydrogen and an argon, respectively, and 
expresses with the relation between the pressure of hydrogen gas, and the pressure of argon gas 
distribution (%) of the porosity of the porous copper which produced the multicore-like pore of tropism 
on the other hand. For example, the porosity of the above-mentioned copper-hydrogen and argon mixed- 
gas system shown in (b) of drawing 5 About 19%, 27% of ** ^abbreviation, 28% of **:abbreviation, ** : 
** At about 33%, with change of the mixed contrast with the pressure of dissolution hydrogen gas, and 
the pressure of the argon gas of inert gas, porosity changes and the pressure of hydrogen gas receives the 
pressure of argon gas. If it increases relatively, it means that the rate of porosity increases. Although the 
case of** is 50 micrometers - 200 micrometers in diameter, and the size of pore has about 200- 
micrometer sparse pore, ** is 50 micrometers - 100 micrometers, is averaged mostly, and it is crowded 
with them, and ** is 50 micrometers - 120 micrometers and is the same as that of**, the pore of big size 
can see [ many ], ** is 100 micrometers - 230 micrometers, and pore with a size of 120 micrometers can 
see them on the average. [ many ] As mentioned above, it turns out that the size of pore, i.e., a diameter, 
will become large if porosity increases, and a diameter will become large if porosity decreases 
extremely. 

[0021] (a) of drawing 6 dissolves nitrogen gas in the iron fused at about 1,650 degrees C under the 
pressure of predetermined nitrogen and the mixed gas of helium, respectively, is made to solidify under 
the pressure of the mixed gas of predetermined nitrogen and helium, respectively, and expresses with the 
relation between the pressure of nitrogen gas, and the pressure of gaseous helium distribution (%) of the 
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porosity of the porous iron which produced the multicore-like pore of tropism on the other hand. It is 
about 53%. the optical microscope photograph of (b) of drawing 6 -- each porosity of the above- 
mentioned iron-nitrogen and helium mixed-gas system - being shown - ** - about 0.1% and **: - 
about 18% and **: — about 43% and **: - If porosity changes and the pressure of nitrogen gas increases 
relatively to the pressure of gaseous helium with change of the mixed contrast with the pressure of 
dissolution nitrogen gas, and the pressure of gaseous helium, it means that the rate of porosity increases. 
This shows the same orientation as copper-hydrogen and an argon mixed-gas system. 
[0022] This invention is not limited by the gestalt and example of operation which were stated above, 
and various modes are possible for it in the details of the manufacture method and the gestalt of 
generation. 
[0023] 

[Effect of the Invention] Moreover it is simple for a manufacture process, this invention maintaining the 
quality of said pore, and is the method of producing said porous metal for haying high productivity. This 
manufacture method If there are a pressure vessel of sufficient magnitude, a climate control system, a 
systerri that can adjust a presentation and pressure of an ambient atmosphere, and a coagulation system It 
can put in practical use on industrial production level comparatively easily, and utilization of a 
continuous casting process can be especially performed easily by using nitrogen gas and the inert gas of 
helium in an iron system metallic material. When porosity carried out surface treatment of the metal in 
which pore size has pore 100 micrometers or less at less than 35% as a feature by the structure of the 
pore made according to this manufacture method showing the outstanding mechanical property, having 
bigger specific strength than a non porous parent metal was found out. High intensity and toughness 
have the feature of this porous metal, it is permeability or impermeability, the directional control of this 
pore is possible, the diameter which forms this pore reaches far and wide, and it is rich in cutting ability, 
processability, weldability, etc. further. Furthermore, the property that the metal made porous has the 
large damping capacity which internal friction grows large more, the elastic modulus decreases, and a 
metal has is checked/Since said porous metal has much pores, it is a material with immense surface 
area. By the way, in a ferrous material, using technique, such as carburization, nitriding, or hardening, 
near the surface is stiffened and the surface hardening that the interior maintains tough nature is often 
used. This surface hardening can be applied to said porous ferrous material, and a porous ferrous 
material can be made to strengthen by [ which harden the surface ] depending especially or making an 
alloy layer form in the pore surface. 

[0024] As a primary configuration of these products, it has the shape of a cylinder, tabular, the shape of 
a pipe, and a cone etc., and those alloys can be used for those materials at iron, copper, nickel, 
magnesium, aluminum, titanium, chromium, a tungsten, manganese, cobalt, molybdenum, and a 
beryllium list. Furthermore, other materials, such as a metal alloy or an intermetallic compound with this 
heterogeneous solvent metal, can be restoration-ized to this pore, and composite material can be made 
newly. 



[Translation done.] 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused k>y the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] A manufacture method of a porous metal which solubility of a gas atom in the inside of a 
liquid metal material is large, dissolves a material with whenever [ dissolution / of a gas atom in the 
inside of a solid-state metallic material / small ] , and is characterized by making it solidify. 
[Claim 2] A manufacture method of a porous metal according to claim 1 that a' parent material is a 
metal. • ' . , 

[Claim 3] A manufacture method of a porous metal according to claim 1 that gas is hydrogen, hydrogen 
mixed gas, oxygen, or oxygen mixed gas. 

[Claim 4] A manufacture method of a porous metal according to claim 1 of changing a geometric gestalt 
of pore by changing a setting pressure during cooling / coagulation. 

[Claim 5] A manufacture method of a porous metal according to claim 1 that a coagulation field which 
does not have said pore by changing a setting pressure during cooling / coagulation, and a porous 
coagulation field where this pore was generated can be made to form. 

[Claim 6] A manufacture method of a porous metal according to claim 1 which can control the growth 
direction of coagulation / liquid interface, and can control the growth direction of said pore. 
[Claim 7] A manufacture method of a porous metal according to claim 1 or 6 which can generate said 
pore of a radial by cooling the side of cylinder-like mold. 

[Claim 8] A manufacture method of a porous metal according to claim 1 or 6 which can generate said 
pore of multicore structure by cooling a base of mold. 

[Claim 9] A manufacture method of a porous metal given in a claim of either claim 1 said whose gas is 
the mixed gas of nitrogen, inert gas, or nitrogen and inert gas thru/or claim 2 or claim 4 thru/or claim 8. 
[Claim 10] A manufacture method of a porous metal given in a claim of either claim 1 which a pressure 
of cooling temperature and this gas is controlled, and this gas is deposited in solid phase, and generates 
pore when controlling melting temperature and a pressure of said gas, dissolving this gas into said 
metallic material in casting and making it solidify thru/or claim 9. 

{Claim 1 1] A manufacture method of a porous metal given in a claim of either claim 1 which makes 
speed which extrudes continuously said metallic material which fused said gas from mold in a 
continuous casting process, and a cooling rate control and solidify thru/or claim 10. 

[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 

damages caused by the use of this translation. . .' 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 




[Drawing 21 
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[Drawing 31 
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[Drawing 4] 
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[Drawing 51 
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[Drawing 61 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/1/2004 



Page 6 of 7 



Porosity 



? 

t o.a - 
o.o - 

o - 

X 
0. 



O- I 

a 



IB. 

□ 



43 

a 



63 



-J 1 1 —I 1 L 



0.0 0.2 0>* O.O O.S 1.0 1.2 1.9 



(J) N. O.a - Arl.SCMPaJ $ N f l.Q-> Arl.0(MP<Q 




[Drawing 71 
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